The ontogeny of the digestive tract (DT) and of Na + /K + -ATPase localization was investigated during the early postembryonic development (from yolk sac larva to juvenile) of the euryhaline teleost Dicentrarchus labrax reared at two salinities: seawater and diluted seawater. Histology, electron microscopy and immunocytochemistry were used to determine the presence and differentiation of ion transporting cells. At hatching, the DT is an undifferentiated straight tube over the yolk sac. At the mouth opening (day 5), it comprises six segments: buccopharynx, esophagus, stomach, anterior intestine, posterior intestine and rectum, well differentiated at the juvenile stage (day 72). The enterocytes displayed ultrastructural features similar to those of mitochondria-rich cells known to be involved in active ion transport. At hatching, ion transporting cells lining the intestine and the rectum exhibited a Na + /K + -ATPase activity which increased mainly after the larva/juvenile (20 mm) metamorphic transition. The immunofluorescence intensity was dependent upon the stage of development of the gut as well as on the histological configuration of the analyzed segment. The appearance and distribution of enteric ionocytes and the implication of the DT in osmoregulation are discussed.
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Abstract:
The ontogeny of the digestive tract (DT) and of Na + /K + -ATPase localization was investigated during the early postembryonic development (from yolk sac larva to juvenile) of the euryhaline teleost Dicentrarchus labrax reared at two salinities: seawater and diluted seawater. Histology, electron microscopy and immunocytochemistry were used to determine the presence and differentiation of ion transporting cells. At hatching, the DT is an undifferentiated straight tube over the yolk sac. At the mouth opening (day 5), it comprises six segments: buccopharynx, esophagus, stomach, anterior intestine, posterior intestine and rectum, well differentiated at the juvenile stage (day 72). The enterocytes displayed ultrastructural features similar to those of mitochondria-rich cells known to be involved in active ion transport. At hatching, ion transporting cells lining the intestine and the rectum exhibited a Na + /K + -ATPase activity which increased mainly after the larva/juvenile (20 mm) metamorphic transition. The immunofluorescence intensity was dependent upon the stage of development of the gut as well as on the histological configuration of the analyzed segment. The appearance and distribution of enteric ionocytes and the implication of the DT in osmoregulation are discussed. 
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Introduction
Water absorption and ionic regulation activities enable aquatic animals to adapt to external salinity medium fluctuations. In diluted media, the organism is subjected to water invasion and ion loss. Hyper-osmoregulatory mechanisms compensate these movements, with a low water intake, active absorption of Na + and Cl -by the gills, and production of abundant and hypotonic urine by the kidneys which reject water excess and retain most of the filtered electrolytes. In sea-water, hypo-osmoregulatory mechanisms compensate water loss and ionic invasion. Dehydration is avoided by an important drinking rate during which ions and secondarily water are absorbed by the intestine; gills reject the excess of ions (Kirsch et al. 1981; Jensen et al. 1998; Hawkins et al. 2004 ).
The sea bass Dicentrarchus labrax is a euryhaline marine teleost, able to live within a rather wide salinity range, between fresh water and media where salinity reaches 60‰ (Jensen et al. 1998; Varsamos, 2002) , although spawning and hatching occur in sea water. Eggs and pre-larvae drift passively towards coastal zones, larvae actively search for low salinity environment and juveniles tend to enter lagoons and estuarine zones (Moustakas et al. 2004) . At the end of the juvenile period, individuals engage in sporadic and occasional migrations, before swimming offshore and migrating long distances (Jennings & Pawson, 1992; Picket & Pawson, 1994) . For aquaculture purposes, the species is also . It comprises distinct portions, the mouth cavity, the esophagus, the stomach, the anterior and posterior intestine and the rectum, each one playing a role in ion and water regulation (Loretz, 1995; Ando et al. 2003) .
With regard to its particular cytological characteristics, the intestinal epithelium, in addition to nutriment absorption, serves also osmoregulatory functions (Ostos-Garrido et al. 1993; Abaurrea-Equisoain & Ostos-Garrido, 1996; Verri et al. 2000; Aoki et al. 2003) . It accomplishes water and NaCl coupled transports between the lumen and the serosal side, as it has been reported in the saltwater-adapted eel Anguilla anguilla (Alves et al. 1999; Ando et al. 2003) . (Loretz, 1995; Cutler et al. 1996) .
The characterization and localization of chloride cells have been studied in the tegument, branchial epithelium and urinary system of a variety of adult teleosts, sea bass adults and larvae in particular (review in Varsamos et al. 2005) .
However, despite several in-depth studies on the early development of the digestive tract in the sea bass (Zambonino-Infante & Cahu, 2001) , there is a paucity of information concerning the ontogeny of the ion-transporting cells in this organ. The aim of this study is thereof to investigate the development of the 
Materials and methods
Animals and rearing conditions
Dicentrarchus labrax young stages were provided by a local fish farm (Poissons du Soleil, Balaruc/Hérault, France). Hatching occurs in full sea water (34 ‰) at a temperature of 15°C. Individuals were collected at different developmental stages, and immediately separated into two series which were progressively conditioned to two different salinity strengths: sea water (SW) (37‰ = 1088 mOsm.kg -1 ) and diluted sea water (DSW) (5‰ = 147 mOsm.kg were selected according to previous results which showed significant steps in the acquisition of the capacity to osmoregulate (Varsamos et al. 2001) .
Following the mouth opening (D5), the individuals received Artemia nauplii and fine particle fish artificial meal (Gemma/Nutreco Aquaculture, Vervins, Picardie, France), whose diameter was related to the size of the animal (50 to 250 µm from 10 mm, 180 to 400 µm from 20 mm and 315 to 500 µm from 25 mm).
The experiments were conducted according to the French law concerning animal scientific experimentation. All fish were anesthetized using of phenoxy 2 ethanol (150µg/L).
Light microscopy and Na + /K + -ATPase immunolocalization
The fish were fixed by immersion into Bouin solution, during 48h. Rinsed with 70% ethanol, the fixed material was dehydrated using increasing grades of ethanol baths (95 and 100 %) and butanol-1, before the treatment with Histochoice clearing agent preparing the tissues to absorb the embedding medium (Paraplast). The signal intensity was measured as the fluorescent epithelium surface, compared to that of whole epithelium. Analysis of variance (ANOVA) and student's t-test were used for statistical comparisons of the mean values (p<0.05) for three animals and three images of each gut segment.
Transmission Electron Microscopy
Two groups of animals at stages D2, D6, D34 (11 mm) and D51 were maintained during 48h in SW and DSW before sampling for transmission electronic microscopy (TEM). In addition, a second experiment was run with 44 days-young juveniles (D44: 15 mm) conditioned during 10 days to SW and DSW.
Lethargized D2 and D6 individuals were processed entirely, while D34, following a short fixation and death, were transversely divided into four pieces; the dissection of the digestive tract was possible in D44 and D58 animals. stained with toluidine blue were used for light microscopy studies.
Results
Digestive tract ontogenesis
At day 0 (D0), the digestive tract (DT) of newly-hatched larvae is observed above the yolk-sac; pancreas and liver sketches appear surrounding a bulky vitellin vesicle (Fig. 1A) . The DT is a tube made of an undifferentiated single cellular layer, opened at the posterior end only ( At D5, the DT, opened at the mouth end (Fig. 1F) , increases in length and diameter, showing bends and markedly differentiated regions; the yolk vesicle is not completely resorbed and the esophagus exhibits a two-layer folded epithelium, including interspaced goblet cells (mucocytes) ( Fig. 2A ). These are lacking in the stomach mucosa, which is characterized by a number of "U" profiled folds (Fig. 2B) ; the diameter of the anterior intestine is smaller than that of the posterior region. A valvule appears at the transition between the stomach and the anterior intestine whose epithelium is also lacking goblet cells. The epithelium of the posterior intestine is a folded single layer, deprived of mucocytes and showing an apical brush-border. A second valvule is located at its junction with the rectum, whose inner stratified layer shows long folded walls.
Epithelial cells show a well developed apical brush-border, a central long polymorphic nucleus, free ribosomes, and several mitochondria with noticeable crests; a well developed tubular system occurs at the apical region (Fig. 2C ).
Lamellar structures surround the mitochondria located at the basal side ( Fig.   2D ). This configuration is observed in both SW and DSW-acclimated animals.
Among the modifications affecting the young fish within the interval D7-D29, the exhaustion of the yolk and the transition to exotrophy are key events. At D29, (Fig. 2E) . The stomach mucosa is thick, mucocytes are not observed; pancreas and liver are more evident as well as the forming swimming-bladder. Small mucocytes occur in the anterior intestine as well as in the rectum (Fig. 2F) . Enterocytes of D34 larvae, higher than those reported in precedent stages, have an ovoid nucleus and a ribosome-rich cytoplasm.
Junction complexes, tubular system, and microvilli are better developed than in previous stages; large mitochondria are located at the basal side (Fig. 3A) , associated with lamellar structures (Fig. 3B) . No difference was observed after 2 days of acclimation (SW and DSW).
Tissular layers differentiated as muscular layer, lamina propria and mucosa characterize the DT at D51. The mouth contains developed teeth; large mucocytes are observed in the esophagus but not in the stomach. The anterior intestinal epithelium is a single layer of apical brush-border columnar cells and few goblet cells; the posterior section is still undeveloped (Fig. 3C, D) . The rectum shows also a luminal brush-border, and few mucocytes. Enterocytes of D51 young juveniles acclimated to SW and DSW show numerous mitochondria; different other cell types (including mucocytes and digestive endocrine cells) are observable. The Golgi apparatus as well as the rough endoplasmic reticulum is well developed. The apical mitochondria, more numerous, show low developed crests; at the basal side, the lamellar structures surrounding mitochondria are well developed in both experimental media (Fig. 3E ).
Cytological differences between individuals exposed to the two experimental media were found only after 10 days of acclimation. The density of the tubular system, the number of microbodies and of mitochondria were higher in SW than in DSW-acclimated individuals (Fig. 4A, B ). Mitochondria were lacking in the area just below the brush border where numerous small densely packed vesicles formed a tubule-vesicular system underneath the apical membrane. In SW, this area appeared narrower than in DSW (Fig. 5A, B) . SW enterocytes exhibited an extensive smooth-surfaced tubular system forming a network from the basal to the apical part of the cell; lamellar structures surrounding basal mitochondria were also reported (Fig. 5C ). This system was less developed in DSW (Fig. 5D ).
At D72, the increase in size and the appearance of gastric glands represent the main morphological modifications of the digestive tract (Fig. 6A) .
Na + /K + -ATPase immunolocalization
No fluorescence was observed in control sections deprived of primary antibody (not illustrated). At D0, the enzyme detected in the posterior section of the gut showed an immunocytochemical response higher than that observed in the At D2, an increased fluorescence response was systematically observed in the posterior section of the DT (Fig. 6C) ; tegumentary ionocytes and urinary tubules were also fluorescent in both experimental media, while mouth and esophagus were not. The developing pyloric region, close to the stomach, appeared weakly fluorescent in both SW and DSW media. Similar observations were made in D5 samples.
Some few epithelial cells occurring in the mouth cavity and in the esophagus were fluorescent at D29 (Fig. 6D) . In SW the ATPase response observed in both anterior and posterior intestine (Fig. 7A, B ) was higher than that recorded in the rectum (Fig.7C) , as suggested by the intensity of fluorescence at the epithelium basal side. On the other hand, anterior and posterior acclimated intestine showed a higher immunoreaction in SW than in DSW. In DSW, the fluorescence observed in the anterior intestine was higher than that of the rectum (Fig. 7D, E, F ).
An increased number of fluorescent cells were observed in the mouth cavity (Fig. 8A ) and in the esophagus of D51 fish; however their number declined near the stomach. Moderate fluorescence intensity was observed at the basolateral (Fig. 8B ).
Na
+ /K + -ATPase labeling showed by the anterior intestine in SW was higher than that recorded for the posterior sections (posterior intestine and rectum) (Fig. 8C, D, E). In DSW the anterior intestine exhibited a response higher than that of the rectum (Fig. 8F, G, H) .
At D72, the number of fluorescent cells in the mouth cavity and in the esophagus increased, particularly in SW-acclimated individuals; the amount of isolated ionocytes decreased in the vicinity of the stomach. The gastric mucosa appeared fluorescent in both SW and DSW (Fig. 8I ). As observed for previous stages, the enzyme labelling in the intestine was primarily located in the basolateral region of the enterocytes.
The results of quantification for Na + /K + -ATPase in D29 larva show a significantly higher intensity in the anterior and posterior intestine in SW compared to DSW.
While the intensity is lower in the rectum and it does not change with salinity (Fig. 9) . In SW D51 young juvenile, Na + /K + -ATPase intensity is significantly different in each gut segment, with the highest value in the anterior intestine,
and decreasing values in the posterior intestine and the rectum (Fig. 10) . In DSW, no difference was found between the anterior and posterior intestine, with the rectum, displaying the lowest fluorescence. 
Discussion
The sea-bass osmoregulatory capability increases along the development (Varsamos et al. 2001) . Under natural conditions in coastal zones, the sea bass early development occurs in a range of salinity well-fitted for the limited osmoregulatory abilities of the larvae (Dendrinos & Thorpe, 1985; Johnson & Katavic, 1986; Saillant et al. 2003; Varsamos et al. 2005) . At the beginning of the juvenile phase at about 20 mm in length, migratory movements to lagoons and estuaries (low salinity sites) are reported to start (Kelley, 1988; Saillant et al. 2003) . This change in behavior is very likely related to the enhancement in osmoregulatory capabilities occurring at this stage (Varsamos et al. 2001) , based itself on the ontogeny of different osmoregulatory sites (Varsamos et al. 2004 (Varsamos et al. , 2005 Nebel et al. 2005) including the digestive tract. In teleosts, the development of the digestive tract starts early, followed by progressive differentiation steps during which nutriment absorption is linked to osmoregulation (Zambonino-Infante & Cahu, 2001) . In addition to the description of the digestive tract, the chronology of events related to the ontogeny of osmoregulation most be considered when establishing sequential appearance and distribution of ionocytes. and not only as a lubricant (Vu, 1980) . However, it does not represent a barrier preventing water diffusion, being moreover an ion exchanger interface (Varsamos et al. 2005) . Structures typical of the adult gut do not appear before D71. Our observations are in agreement with other in the sea-bass (Vu, 1976 (Vu, , 1980 Connes & Benhalima, 1984; García-Hernández et al. 2001 ). (Sardet et al. 1979) . The difference in thickness of this zone, between SW and DSW adapted material, could to some extent be involved into the osmoregulatory capabilities of the cell.
Regulation of the drinking rate occurs after the mouth opening (D5), but it seems likely that water absorption in the gut occurs earlier, and osmoregulatory performances increase within the interval D18 to D51 (Varsamos et al. 2001 (Varsamos et al. , 2005 . A significant increase of the osmoregulatory capacity occurs at the larvajuvenile transitional step (D63), since blood osmolality is strictly regulated 63 to 86 days after hatching (17 to 26 mm in length) (Varsamos et al. 2001 (Varsamos et al. , 2004 (Varsamos et al. , 2005 Nebel et al. 2005) . In SW conditions, drinking rates increase (Varsamos et al. 2004 (Varsamos et al. , 2005 Different letters besides the bars indicate significant differences (p < 0.05). 
